Enzymes of the purinergic signaling system exhibit diverse effects on the degeneration of valvular interstitial cells in a 3-D microenvironment.
Calcific aortic valve disease is an active disease process with lipoprotein deposition, chronic inflammation, and progressive leaflet degeneration. Expression of ectonucleotidases, a group of membrane-bound enzymes that regulate the metabolism of ATP and its metabolites, may coregulate the degeneration process of valvular interstitial cells (VICs). The aim of this study was to investigate the role of the enzymes of the purinergic system in the degeneration process of VICs. Ovine VICs were cultivated in vitro under different prodegenerative conditions and treated with inhibitors of ectonucleoside triphosphate diphosphohydrolase 1 (CD39)/ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1), and 5'-nucleotidase (CD73), as well as with adenosine and adenosine receptor agonists. Experiments were performed both in 2-dimensional (2-D) and 3-dimensional (3-D) cell-culture models. Our main findings were that VICs continuously release ATP. Inhibition of ATP hydrolyzing enzymes (CD39 and ENPP1) resulted in profound prodegenerative effects with a vigorous up-regulation of CD39, ENPP1, and CD73, as well as TGF-β1 and osteopontin at the gene level. In our 3-D model, the effect was more pronounced than in 2-D monolayers. Increasing adenosine levels, as well as stimulating the adenosine receptors A2A and A2B, exhibited strong prodegenerative effects, whereas conversely, lowering adenosine levels by inhibition of CD73 resulted in protective effects against degeneration. Dysregulation of any one of these enzymes plays an important role in the degeneration process of VICs. Stimulation of ATP and adenosine has prodegenerative effects, whereas lowering the adenosine levels exerts a protective effect.-Weber, A., Barth, M., Selig, J. I., Raschke, S., Dakaras, K., Hof, A., Hesse, J., Schrader, J., Lichtenberg, A., Akhyari, P. Enzymes of the purinergic signaling system exhibit diverse effects on the degeneration of valvular interstitial cells in a 3-D microenvironment.